Introduction: Multiple parameters, including mechanical, physical, chemical and biological properties of biomaterials, have an effect on distribution, morphology, cytoskeletal organization and proliferation of the cells as well as matrix production and maturation. This complexity makes direct comparison of different types of biomaterials challenging. In current study, we hope to explore effects of the different micro-environments of the two types of biomaterials on chondrogeneic differentiation of mesenchymal stem cells. Methods: Sponge and hydrogel were both fabricated with the same chitosan material and then seeded with MSCs at cell concentrations of 4×10
Introduction: Multiple parameters, including mechanical, physical, chemical and biological properties of biomaterials, have an effect on distribution, morphology, cytoskeletal organization and proliferation of the cells as well as matrix production and maturation. This complexity makes direct comparison of different types of biomaterials challenging. In current study, we hope to explore effects of the different micro-environments of the two types of biomaterials on chondrogeneic differentiation of mesenchymal stem cells. Methods: Sponge and hydrogel were both fabricated with the same chitosan material and then seeded with MSCs at cell concentrations of 4×10 6 and 10×10 6 cells/ml in a chondrogenic medium. Constructs were collected for experiments including Factin staining, FDA-PI staining, alamar blue test, DNA and GAG analysis as well as immunehistochemical staining for collagen I, collagen II and collagen X. Results: MSCs clustered and developed spindle morphologies in the sponge with the large and interconnected pores. However, MSCs embedded in the hydrogel, formed round morphologies and distributed apart from each other. Higher proliferation and more GAG and collagen II were found in the sponge. In contrast, the MSCs in the hydrogel maintained nearly unchanged and undergo a little differentiation and nearly no proliferation. High cell density also improved chondrogenesis as shown by more GAG and stronger staining for collagen II and GAG. Discussion: Sponge and hydrogel provide distinct niches and have a different effect on MSCs. As for MSCs, faster and uneven chondrogenesis appeared in sponge, while MSCs tended to maintain themselves and differentiate slowly. This rapid reorganization of cytoskeleton was associated with the subsequent chondrogenic differentiation [1, 2] . The ability of MSC to aggregate in the larger pores in the sponge scaffold, coupled with proliferation of cells within the sponge, could have facilitated chondrogenic condensation process of MSC. In contrast, MSCs within the hydrogel remained as single cells, even with higher seeding density. Thus, Implantation of micro-aggregations of MSC rather than sigle cell solution into hydrogels, may effectively solve the problem and accelerate hyaline cartilage formation. Significance: The drastically different tissue formation ability of MSC in hydrogel and sponge highlight the requirement for specific design of scaffold for the chondrogenic differentiation of MSCs in cartilage tissue engineering. In the chondrogenic differentiation process of MSCs to chondrocytes, engineering scaffolds with the ability to transit from the form of sponge to hydrogel might be desirable for cartilage regeneration.
